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II. HEAT INPUT ERROR IN ANALYSIS 
Tab le  1 .  Absolute emittance and relat ive uncertainty 
of typical spacecraft surfaces 
I I - - -- 
Material  Absolute emittance Relat ive  uncertainty, "0 
1 . - ~  _ _  - c __ 
I 
I 
I i 
E lack  pa in t  0.90 0.02 
A h # t e  pa iv t  'PL' 100 0.85 * 0 02 , 
I 1 
rVbtte pa in t  Jh 40: o 78 . o c 2  1 
A l u m i n u p  pain' ~ 0.30 0.03 
I 
PSI,  shed i: / u n ~ : r i u r n  0 045 0.005 1 
' ccwverc i o  I pol i sh' j 
I 
I I 
I Cold p la te  0.035 0.005 
_ -  . 
2 
2 
3 
10 
11 
14 
_____ 
4 
JPL Technical Memorandum No. 33-175 
5 
' I P L  Technical  Memorandum No.  33-175 
111 .  SOURCES OF HEAT INPUT 
I .  Klect r ic i i l  power d i s s i p a t i o n .  
2.  \hsiirptil)ri o f  dircct l !  i n c i d e n t  solar e n e r g ? .  
;. \bs , ) rp t io l i  of indirect l !  inc ident  (rciflected) solar errerg?.  
1. I r i t  erc  ''1) t ed i t ifr<irrd crni ssi on from o t  h e r  spacecraf t  1):irts. 
:I. \c:t c.on(Iuctiori from t ) ther  spacecr i i f  t p a r t s .  
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IV .  TERM-BY -TERM DISCUSSION OF HEAT INPUTS 
A. Electr ica l  Power Dissipation, q ,  
S o u r c e s  of d i f f e r e n c e s  betbveen e l e c t r i c a l  power  d iss ip , i t ion  i n  s p a c e  and in i i  test cha inbe r  w e  n o n -  
f l i gh t  h ' i rdware,  ground-type power  s )  s t e rns .  arid power  Lhrough ins t rumen ta t ion  c a b l i n g  d u r i n g  t h e s e  testa.  I 
c o n t i n u i n g  e f fo r t  to min imize  t h e s e  s u u r c e s  of error  seems to  h a v e  r e d u c e d  theiii to ii n e g l i g i b l e  riiagnitudct. Is 
for nie;isutttmerit of  7 , .  i t s e l f .  we itrc not  so wel l  t j f f .  \ l e<isur ing  t e c h n i q u e s  arid s t c i t i s t i c , d  v.iri ' ttions of sih- 
corpponcn t s  p r e c l u d e  , in  e x a c t  n i easu remen t  of 9 , .  .At this time most power  n ie i i surenien ts  a r e  t hough t  to b r  
a c c u r . t t e  t < J  f . - J~L .  .\ t !  pica1 se t  of power  d i s s i p n t i o n a  for the K o n p r r  I j Iock 11 s p i c e c r a f t s  is g iven  i n  I'<ible 2 .  
Table  2. Average power dissipation for three spacecraft elements, q ,  
- ~ _ _ _  
Power dissipation, w 
4.4 to 26.4 
0.03 to 0.88 
__ ___ __________ 
Object 
Molor electron i c as semb I y 
Scientific poc kage 
Structure 
- -_ 
8. Direct  Solar Absorption, q 2  
I n  spi icr .  1.w w,it ts  of sol'ir energ! per  s q u a r e  foot o f  nornial :irc'i is nomini i l ly  i n c i d e n t  ; i t  t h e  F i t r th ' s  
n iean  d i s t < i n c e  froin the < u n .  T h e  f r a ( . t i on  of t h i s  e n e r g y  ( :) J b s o r b e d  b? d aurf i ice  i n  s p i c e  d e p r n d s  htrl)ngl! 
un the  hu r fdce  p r o ~ ) c ~ r t i e s  .%nd c o n f i p r ; a t i o n  with r e s p e c t  to the Sun.  T a b l e  :I s h o i v s  the s o l , t r  energy typical l !  
a b s o r b e d  ((/.,I L! \ <tr ious  Kunpc , r  objects dur in8  f i i g h t .  FJuring thtxmiili vacuum t e s t s  Icitii s o l a r  s i i i i u ~ ~ i t i i i i t .  
e r r o r s  i n  ' 'wjI . ir  
( d e c o l l i m a t i o n )  t > f  the  so la r  s i m u l a t w .  !-'or p u r p o s e s  o f  m a l y s i s ,  i t  b e c o m e s  c o n v e n i e n t  to  s e p i r i i t e  thesix 
errors  so t h a t  -1 if  ., 1' \ q ., 
- .. 
e i t e r g  a b s o r b e d  \ % i l l  , i r i s e  bec ' iuse  o f  imperfect  s p e c t r a l  ma tch  a n d  i m p e r f e c t  ci)l l ini; i t ion 
h d i s c u s s i o n  o f  e a c h  of thrse e r r o r s  wil l  fo l low.  - .. s p e c t r a l  + ' 4 2  d r . c : o I l i t i i . r t i n n '  
7 
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1 Science ossembly (Karzper 
St r u  c tur e (Kcin  ct'r 1 eg)  
Toble  3. Solor energy absorbed by three 
8.8 to 20.5 
2.9 
spocecroft elements, q2  
-~ 
Solar energy absorbed, w 
9.7 
- . . - . -. - - - - - 
Obiect 
Malor e l e c t r o n i c  a s s e m b l y  
( o v e r a g e  for 6 c h a s s i s ,  
R n r i y c r  Block II) 
__--_ 
I 1 
I . I 
I 
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f i \ r  sp , tc . t , c ,r ; j f t  s u r f i t c e s .  ' l ' h i s  system seems to ha\-(- good p o s s i b i l i t i e s .  l l o w e v e r ,  t h e  c a l c u l a t i o n s  in  t h i s  
0 
meimirmdum Iiuve becsn performed Mith t h e  a s s u m p t i o n  of a c a r h o n  a r c  solar s o u r c v .  I t  s h o u l d  he p o i n t e d  out  
th'it t h r  vi i lucs  in 'l'iible 1 art' q p r o s i m a t c  a n d  d o  n o t  take i n t o  a c c o u n t  v a r i a t i o n s  i n  f i r e b a l l  s i z e  m d  
p o s i t i o n  wi th  rrspfact  t o  optiv<i l  r lemrnts  in  t h e  system. Sluch work r e m a i n s  to b e  d o n e  o n  iniprovement of 
s o l a r  i p v c  truiii simul , i t ion both from a t h r o r e t i c a l  a n d  a p r a c t i c a l  s t a n d p o i n t .  
Table  4. Calculated absorptance error relat ive to solar absorptance, % 
Gold ( p o l i s h e d )  
Aluminum ( p o l i s h e d )  
ZW-60 w h i t e  
Aluminum p o i n t  
Black p a i n t  
- 2.1 
4 10 + 12.4 
4 
' 4.5 
t 0 . 3  
r 4.5 
1 .o 
0 
5 
31.8 
1.4 
16.6 
* 1.7 
0 
Column 1 - Carbon  a r c  wi th  o n e  a luminum r e f l e c t i o n  a n d  t r a n s -  
m i s s i o n  through 2.4 in .  of q u a r t z .  
Co lumn 2 - West inghouse  Hg-Xe ( b a r e ) .  
Co lumn 3 - W e s t i n g h o u s e  Hg-Xe wi th  o n e  a luminum r e f l e c t i o n  
a n d  t r a n s m i s s i o n  through 1.6 in. of q u a r t z .  
Co lumn 4 - 50'5 West inghouse  Hg-Xe,  50% Xe ( b a r e ) .  
Co lumn 5 - Hannov ia  Xe (bare). 
'l'hc, vrror  duc. t(i t lccol l im,i t inn of t h e  s o l a r  s iniul i i t ion sourc'c (.I q 2  , , p c o , , i l l , a t i ~ , r , ~  is a rr.;ult of 
cnc.rgy f l u \  ( l c n s i t v  vi t r ia t ior is  i n  t h c  t e s t  V ( f i u n i c ,  h iur r ing  o i  s h u C I ~ n s ,  dntj illiiiiiiniitii;fi nf : ; ~ ; : C P S  p ~ r ~ ! ! e !  
t o  the Sun  - p r o h e  line- ( s i d r l i g h t i n p ; ) .  ldc ' i l ly ,  t h e  drLcollimation angle of t h e  s 0 1 ~ i r  s in iu la t ion  s o u r c e  s h o u l d  
be th ' a t  1)f t h c  Sun ( 3 2  niin of < t rc ) .  I l o n e v e r .  t h i s  i s  o b v i o u s l y  inipraL,ticnl at t h e  prtbsent tinir. a n d  the e f f e c t s  
of l q w r  d(~c. i i l l ini , i t ion , i n g l v s  Mill h.ive t o  b e  a c c o u n t e d  for. 'l'he s i d e l i g h t i n g  c-ffrrt Hil l  b e  disrussed under  
y r ,  h t . I , ) l \ .  
k:ncrgy f l u \  d c n s i t p  v'tri'ititjns in t h e  t e s t  volume <ire t h e  r e s u l t  of d c c o l l i n i a t i o n  of thr solar w u r c v  
m d  niis , t l ignni tnt  o f  t h c  ~ i r i i u l i i t o r  o p t i c a l  syh ten i .  I 'n i formi ty  of f l u s  d e n s i t y  m a y  he tlefinrtf as t h r  p e r c e n t  
t l t , \ i a t ion  of f l u x  ( l r n s i t \ -  from noniin.il o v e r  a g i v e n  u r e a .  I t  is prcssently f e l t  that  u v a r i a t i o n  o f  +5S in t h e  
l o n g i t u d i n a l  a n d  r a d i a l  directions of t h e  test bolunie.  nieasured with  ii detector  area of 1. in.' is an a c c e p t a b l e  
error .  'Tlivse f i g u r c s ,  i f  , r t t . i in~th le .  s h o u l d  m a k r  i t  p o s s i b l e  to n e g l e c t  t h e  s r c o n d a r y  e f f e c t s  of t h e  w a r p r d  
10 
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s p  , I  (, tx <.r:if t t rn ip  e l i t  t u r v  f ir  I d  d i s c u s st, tf b I c ) \\ u n d e r  q 
not furni+h s u f f i c i r r i t  uniformit! t o  pr rmi t  the us(' of 5 u n  s r n a n r b  d u r i n g  i i  spac . ec . r ; i f t  s\.-teni* test .  
c i  nd q ;. 1 lo H e v cr. t h i s var i  a t  i on  \\ ou I (1 pro t l i i  b I y s t i I I 
FULL Sri43OW 
I *  ig. 1 .  5h,ido\\ formed by p l a n r  edgc. pcrpcni l ic  ular ti) nie'in light ra) in "Sun image" .solar *irnulator  
11 
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i o i  
FULL  SHADOW - . R L u H R E C  FULL SOLAR INTENSITY 
SHADrZW-' I 
C. Absorption of Indi rect  Solar Energy, q 3  
E .  
’ , .  
JPL Techn,icol Me,morondum No. 33-175 
- 
Area, Heat  Input, w 
Obi ect 
f t2  2 deg 4 deg 6 deg 
Electronic assembly 2 0.44 0.91 1.35 
S c I e n  ce  bo x 1.5 0.35 0.67 1.00 
L e g  1.4 0.32 0.62 0.94 
--- 
D. Intercepted Emission from Other Spacecraft Parts, q 4  
E. Spa cecro h I nterconduc ti on, q 
F. Energy Absorbed by Surfaces P a r a l l e l  to the Sun-Probe L i n e ,  q6 
Table  5. Sidelighting energy absorbed by surfaces porallel 
13 
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16.7 
27.9 
67.6 
30.2 
77.1 
78.2 
45.4 
77.1 
78.2 
--. .- - _- 
G. Energy Reflected by the Spacecraft Sack to the Solar Simulator and Rereflected to the Spacecraft, q7 a 
I 
In s p i c e ,  s o l a r  e n e r g y  ref lvcted from s u r f a c e s  approximate ly  p(>rpendiculur  to  t h e  h u n ' s  r a y s  w i l l  n l l t  
norinally impinge  a g a i n  o n  s p a c e c r a f t  s u r f a ( . c s .  llo\\ever, i n  sonie  1ypc.s of so la r  s i m u l a t i o n  systems, t h i s  
r e f l e c t e d  enerkq- may b r  r p t u r n r d  t o  the  spacecraft by c e r t a i n  elemc'nts  of t h e  s o l a r  s i m u l a t o r .  I'he I.irge p a r a -  
bolic m i r r o r  of i i  c . a s s e g r a i n  s y s t e m  would  re turn  t h i s  energy. .4 r a y  t r a c i n g  ' in i i lys i s  \vas performcd on a n  I l I \ l  
T O W  computer ti, d e t e r m i n e  t h e  amoun t  of t h i s  e n e r g y  which r e t u r n s  to  the s p a c e c r a f t  for  t he  o n - d u i s  casse-  
tern i n  t h e  5 f t  Sp ic r  Siniul,itor. 'llie "spacecraf t"  w a s  t'iken to be  a p o l i s h c d  flat c i r c u l a r  d i s c .  
The r e s u l t s  of t h i s  prop:rmi a r p  prc:sentc:d i n  'l'able 6 for threc. 1t:vels-  c o r r e s p o n d i n g  to t h e  tnp. ni iddl ( . .  a n d  
bottoni of t h e  \ \n rLing  v o l u m e  i t s  tlvfinctl by t h e  o r i g i n a l  c o n t r a c t  s p e c i f i c a t i o n .  .9s c a n  be s e e n .  a c o n s i d e r a b l r  
miount  of t h i s  r.nprgy w o u l d  be r e t u r n e d  t o  t h e  spi tcccr i i f t .  A s i n i p l r  c a l c u l a t i o n  s h o H s  tha t  the  a v e r t i p .  ene rgy  
f lux  due  t o  t h r  f i rht  r v f l c c  t i o n  p i r  on a 3-f t - rad ius  p o l i s h e d  aluminuni d i s c  18 it f rom t h e  f loor  of the t r s t  
c h a m h e r  w o u l d  hc 3 r i  of t h c  o r i g i n a l l y  i r i c i d m t  e n e r g y !  In gc.nera1. t h e s e  secondary r a y s  rrt.urn to t h e  
spacerraft at c.onsidercil)l! pre'itc'r i n c i d e n c e  a n g l e s  t h a n  t h e  pr imary f lux ,  t h u s  c a u s i n g  c r r o r s  d u e  t o  mul t ip le  
r e f l r c t i n n  , ibsorp t ion .  ' l ' l ip geonietry of the system p r e c l u d e s  t h p i r  u*e as a b o l s i t + n p  f a r t o r  for t h e  mdin 
r n r r g y  strrarn. 0 
Spoc ec ra f t 
diameter, 
ft 
6 
-..I____. 
8 
10 
T a b l e  6. Percent  of ref lected solar energy returned to spacecraft* 
by solar simulator optics in the original cassegrain 
design of the JPL 25-ft Space Simulator 
1 
D is tance 
floor, f t  
~~- - __ 
from 10 A  I 
I+  
18 
10 
14 
18 
10 
14 
18 
10 I 
14 
18 
0 
80.6 
73.6 
8 1 .O 
82.5 
78.5 
81.3 
83.7 
84.5 
81.8 
85.1 
91.3 
0 1  c 
0 I . J  
~ .. 
Radial Posit ion o f  Reflecting Element, ft 
1 
57.1 
67.8 
80.1 
76.6 
72.4 
80.4 
78.6 
76.2 
80.5 
79.9 
84.8 
-__ 
7 r  7 
1 2 . 1  
2 1  3 1 4  
29.9 I 
67.8 
47.4 
71.1 
68.9 
76.7 
71.7 
70.0 
77.0 
73.6 
7n A 
I V . 4  
73? 1 
8.3 
56.7 
16.8 
38.5 
74.2 
24.6 
39 .O 
74.2 
40.3 
39.2 
74.3 
mr) L7.L  
- 
5 
40.1 
21.6 
85.6 
18.7 
76.0 
76.3 
~ - 
S p a c e c r a f t  assumed to b e  pol ished f l a t  c i r c u l a r  d i s c  o f  d i a m e t e r  shown i n  f i r s t  column.  
6 
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H. Energy Emitted by the Spacecraft and Returned to the  Spacecraft by the Solar Simulator, q8 
’l’hr p r r s e n c e  of t h e  l a r g e  p a r a b o l i c  mir ror  in a c a s s r g r a i n  s y s t e m  \ \ i l l  be frlt by the  s p a c e c r a f t  in  
tht.  in f ra red  rrginit. rls W P I I  a s  t h a t  nf t h e  s o l a r  s i m u l d t i o n  s p v c t r u m .  A s  the  n a t u r e  of t h e  e m i s s i o n  from 
spact.criift s u r f a c e s  is p r o b a b l y  clnsrr t o  d i f f u s e  than  s p e c u l a r .  n I o k r r  p e r c r n t a p e  of t h i s  e n e r g y  w i l l  s t r i k e  
the mirror  a n d  c .nrresl)ondingly less \ \ i l l  be re turned  t o  t h e  q ~ , i c e r . r a f t .  Hay t r a ( , i n g  h i t s  s h o w n  t h a t  a p p r o x i -  
i i i i i tc ly  I O  t o  I T , r ; .  of  t h e  r n r r g y  t>niittrct by an o b j e c t  ,it the  t n p  nf the test  volunie ~ o u l d  tir r e t u r n e d .  ‘l‘his 
v f f r r t  k J C ( ’ 0 I I i C ’ S  ;ipprcciiihlr. w h r n  t h r  u p p e r  s p a c e c r a f t  surfaces a r e  black. s i n c e  t h r  r e f l r r t r d  s o l a r  r n r r p y  
d i s ( u s s e d  , i t ) c i \  1, is derrea.;rd ininic.nspIy b r c a u s e  nf t h e  h i g h  dbsnrpt ; inc.e  nf t h r  blac~k sur f ‘ ice .  ‘I‘hese t H o  
f.ffrac.ts (y; .rnJ qH) d c . t . r v a i s r  t n  / v r o  for  i i ~  “ o f f - i i \ i + ”  c a s s e g r i i i n  systt:rn i f  t h e  t es t  vi~ lui i ir  dors n o t  i n t r u d e  
i n t o  thi- ~ o i i i .  \ v h o s r  h , i s c ~  is df,finrtl i i s  t h r  p l a n r  of the mir ror  (.der iind ) \hose h e i g h t  is d e f i n e d  tis tb7ic.r t h r  
foci11 l r n g t h  I i f  t h r  niirrtir a s  s h o w n  in I‘ig. 11. 
f = FOCAL LENGTH 
OF MIRROR 
VOLUME 
I .  Energy Emitted b y  Various Optical Elements of the Solar Simulation System, q 9  
15 
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1.5 1 0.6 1.5 
0 t.nvrg! rmit t (*t i  t b \ .  , ) t i t i ( , %  <lntl d ) s o r b c d  h y  spwcrcruft 
Table  7. Summation of heat inputs (in watts) based on space conditions 
6.5 
Electronic assembly 
Science package 
Structural element ( leg )  
- .  . . . . . . . .  - . 
9 2  s p e c t r a !  
1-
‘ ‘2 d e c o l l i m a t i o n  
17.6 
I 
9 2  
9.7 
-_ 
---____ - 
Sp ec trot Vert ical  A x i a l  Shadow 
“;I 
Science pockage -1 -, f 0 Electronic assembly 8 .5  (gold: nonuniformity, % nonuniformity, % malformation, “0 8 5 (gold, 15 
0.6 1 13.2 
0.0 I 2.9 
__- 
Total ,  
q; 1 ‘ 921 w 
18.5 1.8 
33.5 4.4 
Table  9 .  T o t a l  1 q, ( in  watts) and summation o f  Equation (6) 
E iectron i c a ssernbly 
Science package 
Structural e lement 
-- ..... .......... 
‘ 91 
- - _  
0 .o 
0.0 
0.0 
I 92 
- 
1.8 
J.4 
0.97 
-__. 
. 
‘ 43 
1.5 
2.9 
1.5 
I 97 ,  a, 9 
_____- 
Designed 
out of 
chornber 
1 .I q ,  
4.6 
8.3 
3.4 
\ - I 9,. 
4, 
0.14 
0.44 
0.53 
_ _  
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APPENDIX A 
Revision of T a b l e s  Reflecting Ranger Block Ill Design 
Table  A l .  Absolute emittance and relat ive uncertainty 
of typical spacecraft surfaces 
Moterial  
- __ - - __ _- 
Black paint 
White paint (PV  100) 
White paint (JW 40) 
Aiuminum paint 
Polished aluminum 
(commercial polish) 
- -___  _ 
T a b l e  A2. 
___ __ _-___- --1-_ _ -  ~ 
Absolute emittance 1 Relat ive  uncertainty, "0 
__ . -- -- ._j --.- ___ 
2 I 0.90 0.02 
0.85 * 0.02 
0.78 * 0.02 
2 
3 
0.30 : 0.03 10 
11 0.045 : 0.005 
14 
__-- -____ 
0.035 - 0.005 __-__ _ - ~ _ _  
Average power dissipations for three 
spacecraft elements, 9 ,  
___- 
Power dissipation, w 
0.1 to 1.0 j 
Obiect 
Molor electronic assembly 
Science package 
- __ __ - - -. . 
i 
i L Structure - 
I JPL Technical Memorandum No. 33-175 
i 
Structure (Horrger leg) 
P 
2.3 
I 
Electronic os  sem bl y 
Science box 
Tab le  A3. Solar energy absorbed by three spacecraf t  
2.0 I 0.62 I 1.25 I 1.88 
1.5 1 0.36 1 0.72 I 1.08 i I 
1 
elements, q 2  
Obicct Energy absorbed, w 
Maior electronic assembly 
(Average of 5 Ranger  Block I l l  chassis) 
I 1 Science assembly I 5.0 to 20 
Tab le  A4. Dev ia t ion  of absorptance in mercury-xenon spectrum from 
solar absorptance 
Tab le  A5. S ide l ight ing energy absorbed by surfaces pa ra l l e l  
to Sun-probe l ine  for three values of solar s imulator 
deco l l imat ion  half-angle, watts 
I 1.4 1 0.27 L 0 54 J 0.81 - - ____ ____ 
\ o t t ;  T h e  v o l u e s  o f  energy absorbed in t h i s  t a b l e  d i f f e r  from t h o s e  in 
T a b l e  5 o n  p a g e  13 o w i n g  to the u s e  o f  absorp tance v a l u e s  
o b t a i n e d  in  the  JPL 25-ft Space Simulator ( T a b l e  51) a n d  the 
s u r f a c e  c o a t i n g s  used i n  the K i i n p t * r  Block  I l l  thermal des ign .  
Tab le  A6. Percent o f  re f lected solar energy returned to  spacecraf t  by solar 
s imulator op t i cs  i n  the or ig ina l  cassegrain design of the 
J P l  25-ft Space Simulator 
Same a s  Table 6, page 11. 
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Table  A7.  Summation of heat inputs (in watts) based on 
space conditions 
E lec troni c assern bly 
Science package 
Structure 
- - - . - - - 
Electronic assembly 
Science package 
Structure 
_____ 
Table  A8. Breakdown of q 2  
0 
(b lack)  
19 
(gold) 
5 
5 
0 
15 
15 
-~ - 
T a b l e  A9. T o t a l  \ q ( in watts) and summation of Equation (6) 
Electronic assembly 
Science package 
Structure 
-J 91 1 ‘ 9 2  
I 
0 I 5.8 
I 
0 k . 2  
~ 
.‘ 9 3  
2.0 
2.9 
1.5 
.. 
-‘ 94 a 5 
0.6 
0.4 
0.3 
Tota l ,  
10 
0’ 
4d 
41 
‘ 97, 8, 9 , q n  
Designed I 5.4 
c,: o !  
9.1 chamber i 1 3.0 
- -- - - - -. - __ 
I 
watts1 
2.8 
2 \ q ,  
0.09 
0.51 
0.46 
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APPENDIX B 
Some Comments on Recent Thermal Tests in  the JPL 25-ft Space Simulator 
23 
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T a b l e  61. Comparison of measured Hg-Xe  absorptonces in JPL 
25-ft Space Simulator with calculated solar absorptances for 
several spacecraft surface treatments 
- ._ r Surface 
--I-.__ - - 
Polished gold 
Polished aluminum 
I 
Cot-a-lac block paint 
JW-40 whi te  paint 
R C A  No. 1 (whi te wi th 0.7% black) 
R C A  No. 2 (wh i te  w i t h  3.2% block) 
R C A  No. 3 (wh i te  w i t h  12.9% block) 
RCA No. 4 (PV-100 white) 
l__.-l_- 
24 
Solar 
'1 
_I_- -_ 
0.22 
0.185 
0.96 
0.225 
0.37 
0.55  
0.76 
0.22 
-__I- 
Hg-Xe 
:: ~ - -  
0.263 
0.214 
0.962 
0.387 
0.43 
0.58 
0.82 
0.31 
- _-___ 
- 
Percent  
Error 
A 19.5 
f 15.7 
1 0.2 
7 72.0 
+ 16.2 
t 5.5 
t 7.9 
t 41.0 
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I I .  HEAT INPUT E R R O R  IN ANALYSIS 
Toble  1. Absolute ernittcnce and relative uncertainty 
of  typical spccecraft surfaces 
- - - _ l  
Mater ial  Absolute emittance Re la t ive  uncertainty, -0 ' 
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Ill. SOURCES OF HEAT INPUT 
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IV .  TERM-BY-TERM DISCUSSION OF HEAT INPUTS 
A. Electr ical  Power Dissipation, q ,  
T a b l e  2.  Average power dissipation for three spacecraft elements, 9, 
1 _ - - _ _  _7___~-  __ - __-- 
i 
i 
Power dissipotion, w 
4 .4  to 26 4 
- - ~  . - _._. _ _ -- 
l o 0 3  to o a8 
I 
I I 0 
Oblect 
Mal  o r  electron i c  a s  semb l y  
Sc I enti f i  c package 
Strdcture 
-- - ~ 
i - -__ -- . __ __________-___ 
B. Direct  Solar Absorption, q 2  
7 
B 
B 
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- - = - - - 
T a b l e  3. Solar energy absorbed by three 
spacecraft elements, q 2  
Object  1 Solor energy absorbed, w 1 
I 1 -  
1 
I Major  F l e c t r o p i c  assemb ly  
I ' ave rage  for 6 c h a s s i s ,  1 h'n~iit~r B lock  1 1 )  I 
I 
9.7 
. - .  
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Table 4. Calculated absorptance error relative to solar absorptance, 
Gold  ipo l i  shed) 
Alurninum (po l i shed)  - 2 . 1  I + 8.5 - 7.6 
ZW-60 wh i te  I 10 I 8.8 . 12.4 I 
___ 
0.3 1 1.4  
I 
Co lumn 1 - Carbon arc wi th  one aluminum re f l ec t i on  and  t rans-  
m i s s i o n  through 2.4 i n .  of quartz.  
Column 2 - Westinghouse Hg-Xe  (bare).  
C o l v ~ n  3 - Westtnghouse Hg-Xe w i t h  one oluminurn re f l ec t i on  
and t ransmiss ion  through 1.6 in.  of quartz.  
Co lumn 4 - 50% Westinghouse Hg-Xe,  50% Xe (bare ' .  
Column 5 - Hannovia Xe (bare) 
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3 , 
I / i  \ 
C. Absorpt ion  of Indirect Solar Energy, q 3  
1 2  
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D. Intercepted Emission from Other Spacecraft Parts, 9 4  
E. Spacecraft Interconduction, 9 5  
F. Energy Absorbed by Surfaces Para l le l  to the Sun-Probe L i n e ,  q6  
Toble 5. Sidelighting energy absorbed by surfaces porollel  
to Sun -probe l ine  for three volues of  solor sirnulotor 
decollirnotion ha I f -angle 
I S c i e n c e  box i 1.5 ! 0.35  i 0.07 ! ] . G O  I 
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G. Energy Reflected by the Spacecraft 8ack to the Solar Simulator and Rereflected to the Spacecraft, q,  
Table 6. Percent of reflected solar energy returned to spacecraft* 
b y  solar simulator optics in the original cassegrain 
design of the JPL 25-ft Space Simulator 
Spacecraft 
diameter, 
6 
I .  TI
- -~. 
8 
10 
12 
Distance 
from 
llUUl, f: LI--. 
10 
14 
18 
10 
14 
18 
10 
14 
18 
10 
14 
18 
80.6 
81.5 
73.6 
81.0 
82.5 
78.5 
81.3 
83.7 
84.5 
81.8 1 
85.1 
91.3 
i 
Radio1 Posit ion o f  Reflecting Element, ft 
57.1 
75.7 
67.8 
80.1 
76.6 
72.4 
80.4 
78.6 
76.2 
80.5 
79.9 
84.8 
2 
29.9 
70.4 
67.8 
47.4 
71.1 
68.9 
76.7 
71.7 
70.0 
77.0 
73.6 
73.8 
8.3 
29.2 
56.7 
16.8 
38.5 
74.2 
24.6 
39.0 
74.2 
40.3 
39.2 
74.3 
4 
16.7 
27.9 
67.6 
30.2 
77.1 
78.2 
45.4 
77.1 
78.2 
. ... . 
40.1 
21.6 
85.6 
18.7 
76.0 
76.3 
~. 
S p a c e c r a f t  a s s u m e d  to be p o l i s h e d  f l a t  c i r c u l a r  d i s c  o f  d i a m e t e r  shown in  f i r s t  c o l u m n .  
I 
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r- - 
! 
I 
I 
Toble 7 .  Summation of heat i n p u t s  ( i n  watts) based on space  conditions 
Elec t ron  1 c assembly 
Sc tence package 
Strv- tura l  ele-nent ( l e g '  
~ 1 
91 j 92 ~ 9 3  ; 94  ; 95 : : q n  
F 3 O Y 9 j  - 4 __ - + .~ 17.6 9.7 1.5 I 0.6 ~ 1.5 I 
I 
0.6 I 17.9 
1.5 ' 0.6 1 1.5 1 6.5 i i 0.6 j 13.2 , 2.9 ! 0.6 0.0 j 2.9 I 
~ ~ - -  - ~. 1- ~ - - _  
Table 8 .  Breakdown of t q 2  
E ! e r t r c n  c c s r r m h l y  
Sc ience package 
Structural  e lement  
I I 
1 ' 97  s p e c t r a l '  ' '2 decol l tmat ion j 
Total,  I 
0' ~ 1 42' 
o i  
+.- .___ 
I 
8 ' 5    go ld '  , I 
3.5 'go ld )  I , 
i 
-. .. L 
Table 9 .  
1- - .. . . 
' 91 
L. - _ -  
E l e c t r o n i c  assemb ly :  0.3  
Science package  
Str uc'vra I e I e men t 
. - - _  
0.0 
0.0 
- .. 
Total \ q, ( i n  wal 
- 7 -  - -- 
5 0 1 18.5 i 1.8 
I 5 4.4 15 I 33.5 
i 5  1 1 15 I 33.5 0.97 -----.i--.___-- 
s) and summation of  Equation ( 6 )  
1 i 
0.0 1 1.3 Des igned  4.6 
1 o u t  of 
' 8.3 1 ~ chamber ~ 
0.0 1.0 j j 3.4 
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APPENDIX A 
Rev is ion  of Tab les  Ref lec t ing  Rat2gt.r B l a c k  I l l  Des ign  
T a b l e  41. Absolute emittance and re la t i ve  uncertainty 
of t y p i c a l  spacecroft surfaces 
- _ _ _ ~ _ _  _ - _ _ _  
I 
Material I Absolute emittance Relative uncertainty, % 
_ _ _  _ _ _ _  - -----.---- 
0 90 0 02 
0 8 5  + 0 0 2  
0 70 ' 0.02 
0 3 0  - 0 0 3  
0 045 . 0 005 
I 
I B l a c k  p a i n t  
White pa int  PV  100) 1 
White p a i n t  (JW 40) 
Al,mtnum F a i n t  
P o l i s h e d  a luminum 
I 
- - - -_ . ___ - 
I 'commercial  p o l i s h )  
G o l d  p la te  0.035 . 0005 
__ __  
2 
2 
3 
10 
1 1  
T a b l e  A2.  Average power d iss ipa t ions  for three 
spacecraft elements, q ,  
r -  
I 
1 ' - - P o w e r i s s i p a t i o n ,  I 1 -  . _. - __ - -L/ Obiect _. - -  c 
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Table  B1. Conpcriz.cn c! monsured Hg-Xe  absorptances in  JPL 
25-ft Space Simulator with calculated solar absorptances for 
several spacecraft surface treatments 
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